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Cognitive Style/Technical Communications
ABSTRACT
This research study investigated wvhether reading effectiveness of

procedural texts for s performance task is influeanced by media formats

which differed in design according to the Educational Cognitive Style

(ECS) preference of the user/reader. Significant individual differeaces
among the cognitive style types in their ability to follow the directions
vas found. Ouns cognitive style type in particular temded to be wore
compatible with processing and understanding the techmical informatiom.
Statistically significant differemces were also found to result from the
effect of madia format design--graphics had a stromg facilitative effect
’ l on user efficiency and accuracy.

These results indicated that to plam and design effective f{nstruc-
tional materiale vhich maximize the users' umderstanding of the task,
designers should recognize and focus oa the users' istremgths and veaknesses
for processing techanical information. A wodel .or desigaiag techmical

instructions based on the users' needs was preseated.
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TECHNICAL COMMUNICATION --
TAKING THE USER INTO ACCOUNT

People in all sectors of the economy today share an increasing dependence
on sophisticated equipment and detailed procedures to assist them in performance
of their work. Meanwhile, the efficient use of such equipment and the accurate
adherence to such procedures has come to depend, to a large depree, on the
information that the user obtains from a variety of instructional materials,
including technical manuals, films, and tapes. TFrequently, these instructional
materials are intended to guide the user in carrying out a set of procedural
directions with maximum efficiency and minimal error under limited supervision
and often in stressful environments. It is important, therefore, that such
technical materials be designed to maximize their communication value and to
overcome, as much as possible, any motivational resistance to their use,

The importance of technical materials that are clear and easy to under-
stand is intuitively obvious. But what constitutes a clear procedural set of
directions depends upon the ability of the technical communicator to present
the instructiona to the user in a format which conveys the information effi-
ciently and accurately. In turn, comprehension on the part of the users is
measurable to the extent that they can use the directions to complete a task
aquickly and with a minimum of error.

The problem of how to present procedural information is apparently endemic
to most people working in the field of technical writing. The inatructions
may dictate the use of technical terms which are unfamiliar to the typical
reader. The content often deals with contingencies (if this . . . then that)

or sequencing (do this . . . then that). How should writers order the text
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for a procedural task? Should they apply the standard readability indices
proposed by Chall (1958) or Klare (1272)? Do they ask the technical artist if
an illustration or graph should accompany a particular text? Ouestions like
these have been asked by researchers interested in producing some practical
guidelines for designing procedural materials (see Frase, 1973; Farr and
Waller, 1976; MacDonald-Ross and Waller, 1975: Mager, 1961: and Rothkonh, 1976).
In spite of the extensive literature available, the researchers found that
there are very few scientifically based facts on which technical communicators
can rely to design and produce technical materials.
Research by Farr and Waller (1976), Frase (1973), liartley (1980), Mac-

Nonald-Ross and Waller (1975), and Rothkoph (1976) indicates that there are

few guidelines available to serve as a basis of understanding how readers
comprehend technical materials. Given the critical importance of understanding
printed instructional materials for industrial and military training and equip-
ment operation, it is surprising that more attention has not been given bv
reading researchers to the desipn continpencies facing technical writers,

Need for Improved
Technical Manuals for DOD

The fact that printed materials are not always effective is carefully

documented in a recent General Accounting Office report (Improving Management

of Maintenance Manuals Needed in DOD, 1979). Spiraling innovations in tech-

nolopy have beset the military services with perhaps an even greater dependence
upon printed instructional materials for disseminatinp technical information
than other sectors of society, The Department of Defense (DOD), for example,
spends over $20 billion annually to maintain systems and equipment valued at
hundreds of billions of dollars. It also spends hundreds of millions of

dollars to procure, distribute, and update procedural manuals. An effective
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national defense and the safety of personnel, coupled with the multi-billion
dollar investment in military hardware and hardware maintenance, make it
apparent that military manuals must be accurate, timely, and readily understood
(GAO Report, 7/1979).

The GAO in its recent review, however, found that military service manuals
often are not easy to use and frequently are not current or accurate; conse-
quently, job efficiency by maintenance staff has been hindered. Studies by
both DOD and private contractors found military manuals to be too complicated,
not user-oriented, and inaccurate or incomplete (GAO Report, 9/1979, pp. 5, 6).

Technicians spend excessive time searching for information in manuals and often-

times end up removing nondefective parts. On the basis of a 1974 study examining
current paper-based technical data, the Air Force, for example, found:
« « o that it could avoid costs of about $108 million annually

by improving manuals so that maintenance personnel would spend

less time searching for informatfon and removing aircraft parts

that are not defective (GAO Report, 9/1979, p. 6).

These deficiencies have been found by GAO to result in substantial costs
to all military services. Text-graphic combinations for conveying technical
data were also found in some instances to be improperly organized. These
results have caused relevant personnel to ''lose confidence in the manuals,
maintenance performance to suffer, and equipment readiness rates to go down"”
(GAO Report, 7/1979, p. 8).

. The GAO Report also revealed that the military services reliance upon
technical manuals for communicating information is projected to increase
throughout the 1980s. In 1977, the Air Force Logistics Command, for example,

1 estimated that "an additional 5 million pages would be produced during the next

5 years. That increase in papes alone would cost about $1.5 billion” (GAO

Report, 9/1979, p. 9). The Command also told Air Force lieadquarters that this

e
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cost increase, topether with DOD budget reductions, created "an urpent need
for a new, advanced technical order system which would be more cost effective.'

The report issued by GAO underscores the fact that all military services,
including the Navy, are experiencing similar difficulties with technical manuals
and aptly sums up the general problem with the following statement:

Maintenance manuals frequently are not easy to use and are

not current or accurate., These deficiencies prevent maintenance

personnel from doing the most efficient job and could affect the

safety of equipment, systems, and personnel., The problems have

existed for many years and are increasing because the complexities

of new weapons systems have caused substantial increases in the

data needed for maintenance. The increase in the size of the

manuals has caused a corresponding increase in the cost of issuing

and revising them. If DOD could update its manuals in a more

timely manner, improve their accuracy, and make them easier to

understand, it could improve maintenance and substantially reduce

costs (GAO Report, 9/1979, p. 9).

Difficulty in reading and understanding technical materials is certainly
not limited to the armed services. Office persomnel everywhere strupgle with
directions for operating new word processors and data processors. These prob-
lems are magnified especially for inexperienced workers who have other job

responsibilities as well as company executives who may feel threatened by heing

required to change the way they anproach information-processins tasks,

Text/Graphics

An examination of a variety of instructional materials of a technical
nature reveals that, regardless of the specific content, information is invari-
ably presented through a combination of text and graphics. Given the widespread
use of this format, it would seem that theories of learning or models of infor-
mation processing would have included a consideration of this form of communication.
Furthermore, it would seem likely that clear-cut puidelines for the effective
desipn of technical documentation would have long ago heen established. Reviews

of relevant literature, however, revealed that this is certainly not the case--
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decisions concerning design formats for the production of procedural texts, it
was found, may depend more on the whims of the technical writer and on illus-
tration and production variables than on empirical research (see Wright, 1977;
Hartley and Burnhill, 1977; Stone, 1977, 1978, 1979; Stone and Glock, 1981;
Crandell, 1979, 1980).

Should the instructional designer include graphics as adjuncts to the
text? And if so, which type of graphic--an exploded view of the entire facia
of the equipment or segmented pictures displaying parts of the equipment at
fixed points? Does the ability to follow directions for equipment operation
or maintenance depend on the cognitive predisposition of the user? Apparently,
few experimenters examining instructional materials of a technical nature have
asked such questions.

One reason, perhaps, for the lack of a concentrated research effort to
assess the effects of graphic/text combinations on the user's comprehension is
the pervasive attitude among both reading researchers and practitioners that
procedural texts were not really meant to be read., Traditionally, technical
materials have rarely been studied for their communication value. Stone (1978)
contends, furthermore, that the results of research (albeit sparse) in this
area are, for the most part, seriously flawed in that the reading materials
used are never identified or adequately described. Thus, it is difficult, if
not impossible, to determine the compatability of the graphics and texts.

Even when technical manuals or texts are well designed, many users lack
efficient strategies for processing such material (see Wright, 1977; Crandell,
1979). Consequently, we need to know much more than we do about both the
design of the instructional materials and the ways in which people access,
process, and use the text and graphics in technical materials, particularly in

procedural texts,
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Bacause of the crucial role that procedural materials play in training

programs, maintenance of systems, and operation of assorted equipment, informa-

tion regarding their ability to convey instructions in an efficient and accurate
manner is needed. Past research has failed to generate any consistent guidelines
for helping technical writers/illustrators to plan and design effective formats
for presenting technical information. Consequently, organizations, including

the military and industry, have no clear-cut facts for the effective design

and utilization of instructional materials using text-graphic combinations.

The results have often been costly and time consuming for all persomnel who

rely on those manuals. Therefore, to the extent that relevant personnel are
trained by or rely upon technical materials for job performance and training,
information regarding the effectiveness of the materials design should be

ascertained.

The Reader/User

In addition to the media format design, amother practical area of research
reparding technical materials 1s reader characteristics. Investigators have
paid little attention to the aptitude or attitude of the reader (user) toward
the instructional materials (Waller, 1977; Wright, 1977). In a review of the
research literature on typography and design, Wright (1977) found that most of
the studies tended to assume that differences in ability between users were
of no major consequence when it came to selecting procedures for presenting
technical information. A similar conclusion was reached by Waller (1977):
researchers, authors, and publishers have tended to ignore the fact that pro-
cedural texts were meant to be read, Research, he maintained, has focused
on tvpography and production variables and has paid little attention to the

individual differences of the reader. He concluded that reader characteristics
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may be partly responsible for many of the inconsistent findings reported in the
research literature and continues:
In order to proceed in a more consistent fashion, those of
us in the business of researching instructional design would do
well to consider the reader as an individual and the variables
influencing him/her as an active processor of information
(Valler, 1977).
If we are to understand and facilitate comprehension of technical materials,
wve need not only tools for analyzing and describing information present in such

materials but also the effects of fixed and changeable characteristics of the

user,

Cognitive Style

One prerequisite of an ideal system for communicating procedural instruc-
tions is that the condition of the directions (the content and format of
presentation) match well the characteristics of the user--abilities, interests,
prior knowledpe, and learning style. It i{s unlikely, however, that any system
of instructional design could fully embody this ideal. Most decisions for
desipgning procedural materials to date stem from less salient variables such
as designer intuition, experience, and production costs. To this extent, they
have become somewhat standardized and tend to ignore individual user character-
istics, Although this approach may appear to have the distinct advantage of
being economically prudent, it may be less effective than instructions designed
with certain users or groups of users in mind.

A construct developed by psychologists to interpret the antecedent
conditions of individual differences and one which may be useful to those {n
the business of desipgning instructional materials is cognitive style. Cognitive
styles have been defined as individual ways in which people remember, think,
and problem solve (Messick, 1976). They represent consistencies in the form

rather than the content of cognition. Cognitive styles are considered to be
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distinctive modes of apprehending, storing, transforming, and using information,
As such, their influence extends to a variety of human activities that implicate
copnition, including reading (see Witkin, 1975; Simon and Rosenberg, 1977; Cohm,
19683; Watson, 1969; King, 1972; Fine and Kobrick, 1980).

The literature on cognitive style has been growing rapidly, and there are
several measures available to assess the increasing number of style and control
mechanisms identified. Comprehensive reviews of the literature on individual
differences and cognitive style may be found in Banta (1970), Gardner et al.,
(1959), and Wallach and Kogan (1965). Without attempting to discuss all of the
varied dimensions of cognitive style, it is useful to consider that there have
buen two divergent theoretical positions around which investipators have tended
to rroup themselves (Wallach and Kogan, 1965). On the one hand, there are
those researchers who hold that cognitive styles are habits of processing
information. An example of a processing model is the dimension of cognitive
stvle referred to as reflectivity-impulsivity, It is the position of the
advocates of the reflective-impulsive strategy that differences in rate of
information processing are relevant to how an individual problem solves. Im-
pulsive individuals have a fast conceptual tempo and report the first classi-
fication sequence that occurs to them. Reflectives, on the other hand, will
delay classifying information and consider all available alternatives.

Gardner and Jackson (1960) are representative of the second position
posited by researchers to explain cognitive styles. They view cognitive styles
more as ego control mechanisms that regulate the flow of information between
internal need states and envirommental demands on the individual. Thus, it
makes a difference whether one considers individual variations in human behavior
as the result of modes of functioning (information processing) or ego control

mechanisms (internal need states), In the former case, instructional design

aadifnnsinicsi
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strategies would be based upon the reader's mode(s) of processing. In the
latter, efforts would tend to focus on the innate capacities of the reader.

This research embraces the information-processing paradigm as the preferred

way of viewing cognitive styles. In considering the effect of cognitive stvle
on instructional design, it may be more cost-effective to evaluate how different
instructional formats impact different users' information-processing strenpths
or weaknesses than to try to consider all of the psychological variables influ-
encing users as they attend to the procedural directions.

The potential of cognitive style as a research tool in human learning led
to a consideration of using this construct as a msans of investigating the
information-processing activities that underlie reading behavior. Copnitive
styles, by embracing both perceptual and intellectual domains, provide an
effective framework for evaluating the interactive effects of text and graphics
on reader (user) characteristics,

Indeed, if we accept the view of the user as an active participant in the
communication process, we are challenged to investigate whether individuals’
copnitive styles influence their ability to comprehend procedural directions,

Do graphics interact with certain individuals to enhance or interfere with their
understanding of the directions? Does the cognitive style preference of certain
groups of military recruits predispose them to one type of information format
over others? It is suggested in this research study that in order to effectively
plan and design procedural texts which maximize the user's comprehension of the
task, researchers should recognize and focus on the user's strengths and weak-

nesses for processing technical information.

Educational Cognitive Style

Cognitive style has been introduced and reintroduced into the psycholopical

literature over a period of at least SO years. Messick (1976) has described
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the various uses of cognitive style such as Vitkin's field dependence-independ-
ence, The term cognitive style has even been found in the business manasement
literature (see McKenney, 1974). Joseph E. liill has developed a model of
coanitive style which he called Lducational Cognitive Style (ECS). le suppested
taat it can be used for analyzimg the type of behaviors an individual employs
when confronted with an {nstructional task. Hill's cognitive style model,
however, is different from the above models in that it was developed to be used
primarily in an instructional context. To this extent, lill's wmodel of copni-
tive style seems appropriate for examining the variables which influence the
reader's comprehension of procedural instruction.

Cognitive style, as conceptualized by Hill, deals with a total information-
processing model: the ability to decode symbols (input), the ability to manipu-
late svmbols and the concepts they represent (processing), and the ability to
recode experience into symbols for transmission (output) (llill, 1970). The
mode of behavior individuals employ when searching for meaning is defined by
1111 as their Educational Cognitive Style (ECS). Hill, unlike some of the
earlier psycholopical researchers, belfeved that the [ducational Cognitive
Style of an individual can be changed by the process of education and that the
model can be applied to most educational tasks,.

The individual's LCducational Cognitive Style {s reflected by a number of
elements representing the learner's mode of behavior. These elements or modes
of behavior are displayed in the form of an Educational Cognitive Stvle Map,
which 18 a Cartesian product of four sets. The measurement of an individual's
Educational Cognitive Style can be accomplished through the administration of
a battery of tests (lleun, Heun, and Schnucker, 1976: Nunney, 1972). The results

of the tests are analyzed by a computer software program and displayed on a

printout which graphically presents the data in the following sets:
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the symbolic orientation set, the cultural determinant set, the modality of
inference set, and the memory set.
Although H1ill identified the elements of the memory set, he indicateéd that
"the state of the art of using electrophysiological mesasurements and biochemical
factors as mappings of memory is not sufficiently developed to allow thetir use
in the classroom at the present time'" (Hill, 1976), Since the body of infor-
mation relating to the memory set is inconclusive, the Cartesian product, or
the Educational Cognitive Style Map repressnting the individual's Educational
Cognitive Style, is currently linited to the first three sets.
Information in the first set pertains to how indiviaguals derive meaning
from information through the utilization of symbols (Hiil, 1970). Two types of
symbols are indi{cated: theoretical, which are comprised of words and numbers,
and qualitative, which employ sensory data. The ab{lity to utilize these sym-
bols, he supgested, is an essential part of the learmming process. This capability
as it applies to learning situations may be considered in terms of how the
general utilization of these symbols affects their meanings and how the individual

tends to employ them in the process of learning instructional tasks.

The second set of an Educational Cognitive Style Map focuses upon those

behaviors an individusl employs when coming to a decision., It is based on the

premise that the ability to understand and use symbols is often dependent on

the social context in which they are applied. This aspect of one's RFducational

Cognitive Style is a quantification of the extemt to vhich an Individual {s

influenced by social environment.
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While the data in the first two sets desl primarily with the preferred

modes of input of informatiom, the cogmitive style elemsnts included in the
third set convey information about hovw the individual mskes an inference or |
madiates the symbolic information. In particular, Hill maintains there ars
consistencies in the mammner in which individuals temd to reasom through the
symbolic information; sad ouce this is eatsblished, it can be used to facilitate
learning. Tha four modalities identified in this set of data include the
following: a magnitude inferential pattern, vhere individuals temd to cate-
rorize and segment information as they drav conclusions; a difference infer-
ential pattern, wvhere one-to-one comparisons of concepts are noted; a
relationship inferential pattern, where the individual uses the ability to
synthesize a numbar of disensions into a unified or composite meaning; and an

appraisal wmodality, where the individual uses all of the above modalities,

riving eaqual weight to each one in the reasoning process.

Data from the three sets provide information about the information-
processing skills of the individual. They also may provide indices of ability
to use verbal and pictorial stimuli in the reading and learning situation.

11111 suggested that interpretations of an individual's Cognitive Style Map can
be made by combining data from different sets of the map to consider the
interaction effect on learning tasks. In some settings, certain slements can
be more crucial than others,

Once an Educational Cognitive Style Map has been developed or produced, it
may be possible to utilize the information to desien procedural texts that will

fncorporate the information-processing strenrths and weaknesses of the user.
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For example, if the individual or group prefers to process the directions by
means of linpuistic symbols alone, then the procedural directions could be
presented in a text-alone format. If, on the other hand, a traininy proup
prefers to learn the information through visual sysbols, then the presentation
format can include pictures and other graphic information. Craphic-text
amalpams may be the optimal format for certain groups of users vho tend to
process information fastest by using text and graphics together.

Although the Educational Cognitive Style of an individual 1is a relative
concept and is dependent upon one's educational level and cultural background,
it may provide a means of analyzing, interpreting, and evaluating instructional
situations where decisions concerning the design of procedural materials are

important.

Statement of the Problem

The design of procedural texts, as pointed out in the first section of
this paper, tends to be geared to the average reader. To this extent, media
desipn decisions have not considered the information-processing strengths of

the reader. They have limited each reader or user of the materials to the same

instructional conditions. The purpose of the study was to determine whether !

a measurable learned characteristic--Educational Cognitive Style--can be used
to predict differential reading efficiency and comprehension as a function of
the media format design. An experiment was conducted to test empirically the

above question.

Mathodolo

The subjects were selected for the study based on the results of a battery

of cognitive style tests (Hill, 1970) administered to them during the fall of

1978, The tests wers computer scored and the results stored on disc. The

h
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results took the form of an Educational Cognitive Style Map, a term which Hill
used to describe the individual's cognitive style preferences for mediating
symbolic informacion,

litll (1970) suggested that by combining elements from the different sets
of data on the map, it was possible to comstruct comnitive style maps useful
for examining the match between the learner's strenpths for processing infor-
mation and an educational task.

This research study focused on those combinations of cosnitive style
elements found on an ECS map which may be used to determine a subject's
strenpths for processing and understanding procedural instructions. TFive LCS
tvpes were identified and selected for this study: subjects whe indicated a
preference for instructions in words alone C(TA); subjects who indicated a
preference for instructions in words and sepmented pictures C(T+SP); subjects
who preferred instructions in words and a composite picture C(C+CP); subiects
who preferred instructions in a composite picture alone C(CPA).

Figure 1 presents a flow chart developed to help select the ECS subjects

for this experiment.

Instructional Materials

Five different media formats for presenting performance-task directions
were desipned to match the ECS preferences of the subjects noted above; these
included a text-alone format (TA), a text-plus-sesmented-pictures format (T+SP),
a text-plus-composite-picture format (T+CP), a segmented-pictures-alone format
(SPA), and a composite-picture-alone format (CPA). Table 1 shows the pro-
cedure used to identify the five media formats which make up the treatment

conditions for this experiment.
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Table 1. Procedure for ldentifying Media Format Conditions.

MEDIA FORMAT
TA T+SP T+CP SPA CPA

w Text yes yes yes no no
&
-
=
S Segmented no yes no yes no
E Pictures
2
= Composite no no yes no yes

Picture

The directions for the task are found in Appendix A, which contains the
text directions; Appendix B, which contains the segmented pictures; and

Appendix C, which shows the composite-picture.

Subjects
The subjects for this study consisted of 46 males and 40 females ranginp
in age from 18 to 38 years old. The entire sample was drawn from first- and

second-year students from 12 different curriculums at a community college in

upstate New York. All students were volunteers who agreed to participate in
. an experiment in reading which would be conducted at the college.

Equipment and Layout
of the Research Laboratory

The task selected for this experiment was an assembly task found in the
Fishertechnik 100 Model Kit, The kit is of German manufacture and contains
a variety of plastic and metal parts which can be attached to each other in
a larre number of ways. The particular model selected involved the use of

eleven (11) different kinds of parts and resulted in the assembly of a loading

cart, or what is sometimes called a handcart.
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Subjects vere seated at a table, facing a pertition in a section of a
science and math learning lab at the collegs. A drawing of the physical layout
of the subject's work area in the ressarch lsboratory is displayed in Appendix D
of this paper. A Singer Caramate projector was located just to the left and
another just to the right in front of the subject. A digital clock was situ-
ated to the right and just behind the subject so that it was ocutside the
subject's visual field. A SONY uni-directional microphone was attached to the
upright holding the digital clock, Additional equipment used in the experimsnt
included: 25 hours of Memorex UCA-60 videocassette tapes, a SONY U-Matic Model
V0-1600 videocassette deck, 2 SONY VCK-3210 televison cameras, and a SONY
Switcher/Fader SEG-1 special effects generator.

One talevision camera was positioned next to the caramate projector and to
the left and was directed at the subject's hands and workspace just in fromt
of the subject. The other camera was in front of the subject and was directed
at the subject's head. Only the model parts, caramate projectors, snd one
camera were visible to the subject. All other apparatus was placed bshind a ’

partition,

The Experiment

Subjects vere seated at a work table and instructed how to operate the
caramate projectors. Introductory information as to the nature of the experi-
mant, familiarization with the task components, and instructions for the

assembly task were given during this time. Once the subject was ready to

perform the task, he or she was presented with procedural instructions in one
of the five treatmsnt conditions (media format). These instructional formats

were present on sither one or both caramate projectors, depending on the

treatment condition,

caamilled s iiten dndh.

|
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Videotape recordings wers made using the special effects generator. Each
camera produced a differeant view of the subject. One camera, directed at the
subject's hands, provided information as to the progress of the task along
with the recording of the time on the digital clock. A second camera directed
at the subject's head provided information as to vhether the subject was looking
at a slide of text, illustration, or at his or her hands. This camera also
made it clear when a subject changed a slide. This enabled us to tell which
slide(s) were on the screen(s) at a given time.
The special effects gensrator produced a split imsge on the monitor and
on the videotapes so that the experimenter could obtain precise information
as to task efficiency (duration and frequency of looking at text, slide, and
hands) and task performance (number of errors). The videotape recordings were
subsequently viewed and scored for time and error data by the experimenter. By
this procedurs, & second-by-second analysis of each subject's reading efficiency

and task performance was documented,

Results and Conclusions

It wvas hypothssized that the subjects' performance on the task would vary
to the extent that they were presented with medias formats which matched their
Educational Cognitive Style., To test this hypothesis, an experiment was con-
ducted. Eighty-six (86) male and female subjects from a community college
were randomly assigned to one cell within a 5 X 5 factorial design. The results
of analysis of varisnce of subjects' performance (time and error scores) indi-
cated a trend in the direction of the hypothesis; although no statistically
significant interacticas were found between sudbjects’' cognitive style preference
and media format deeign, mainiaffects for both cognitive style type F(4,61) =
4.645 p< .003 and madia format F(4,61) = 3.549 p <.001, were indicated. Figure 2

presents & graphic display of the pooled reading times for all subjects.




19

Cognitive Style/Technical Communications

2uoTV 21n3d1d 231sodwmo)
2UOTY §31n1214d p2Iusulag
2a1n323d 237sodwo) + IXNIL
uwuquum paiuaw3as 4 IXIL
auoTy IXIL

jewiog erpap Pue adAl 21435 aAajafuldo) 103 awy)] Sujpeay jelol ueay T aan3y14

AN
im——
2 2 4 & J
Y X

(vdd)o

a

(vds)o

A

(ds+1)2

N -

(dO+1)D

A

(V1))

A

009y

F00S

009

(SANOV4S NI) INIL

0011

P00zt

ﬁccmd




20

Cognitive Style/Technical Communications

From Fipure 2 it can be seen that the mean times for the text-alone group
vere sipnificantly higher than for the sepmented-pictures-alone group. This
rranh also shows that segmented pictures alone. repardless of copnitive style
type, tend to be the most efficient format for all subjects, while text alone

is the most time-consuminpg format for presenting the assembly task information.

Iffect of Cognitive Style on User Efficiency

As indicated above, a main effect of cognitive style type F(4,61) =
4.645, pL .003 on total mean reading time was found, and a subsequent one-way
analysis was performed to compare the difference in means for all cognitive
style types. The results of this ANOVA indicated that a significant difference
existed between proups F(4,85) = 5,096, p¢ .001. Post hoc analyses revealed
that subjects who preferred text-plus-composite-picture C(T+CP) completed the
assembly task significantly faster than subjects who preferred text alone.
Table 2 presents the mean reading times and standard deviations for all cosmi-

tive style types in the analysis.

Lffect of Copnitive Style on User Accuracy
User accuracy on assembly was highest for subjects who preferred to process

the Iinstructional symbols by means of a graphic(s)-alone format. They made

fower errors and were penerally more accurate on this task than cognitive stvle

tyres who preferred to have the 1nstructions presented in a text-alone or text-

plus-picture(s) format, Table 3 presents a summary of the mean nurber of

errors during the performance task for each treatment condition.

Overall accuracy results indicated that this procedural task seemed best

suited for individuals who prefer to process technical instructions by means

of a graphic display independent of text.
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Table 3. Mean Error Score (on a scale of 1-5) for Performance Task
by Cognitive Style Type and Media Format

MEDIA FORMAT
(TA) (T+SP) (T+CP) (SPA) (crpaA) TOTAL
P M 1.40 M 0.29 M 0.18 M 1.92 M 0.00
S 0.87
s.D. 1.05 | S.p. 0.51 | s.p, 0.23 | S.p. 1.67 | S.D. 0.00
m ~~
E § M 1.77 M 0.24 M 0.00 M 0.46 M 1.00
& 0.73
= O| Ss.p. 0.96 | S.p. 0.24 | §.D. 0.00 | S.D. 0.59 | s.p. 1.81
o~
2 % M 2.16 M 0.70 M 0.03 M 1.00 M 0.44
2 = 0.95
£ ©| S.p. 0.68 | S.D. 0.67 | S.D. 0.06 [ S.D. 0.90 | S.D. 0.77
-
Z~
8 = M 1.81 M 0.27 M 0.00 M 0.00 M 0.00
S 0.41
©! s.p. 0.39 | S.p., 0.26 |S.p. 0.00 | S.D. 0.00 | S.D. 0.00
= M 2.11 M 0.05 M 0.52 M 0.00 M 0.27
3} 0.60
“i| s.p. 1.54 | s.p. 0.07 |S.p. 1.05 | S.D. 0.00 | S.D. 0.55

1.81 0.32 0.17 0.65 0.41

Effect of Media Format on User Efficiency

The ANOVA on mean total reading times showed a main effect of media format
I'(4,61) = 3,549, p< .01, Scheffe's test was then used to compare the mean
reading times under the five treatment conditions: (TA), (T+SP), (T+CP), (SPA).
240 (CYA), This post hoc analysis indicated that subjects, on the averape,
spent less total time completing the performance task when instructions were
presented in a sepmented-picture-alone (SPA) format. Post hoc comparisons
also confirmed that subjects in the text-alone (TA) condition took significantly
more time to complete the performance task than asubjects in the segmented-

pictures-alone group.
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Table 4 below clearly shows that subjects in the text-alone condition (TA)
took by far the greatest anount of time to complete the assembly of th: nodel,
Overull, thase results clearly indicated that text alone (TA) 1s an fnefficient
instructional format for presentine procedural instructions for this task, while
sernented pictures alone appear to be the most efficient media format for pre.
sentings the instructions. The mean times in Table 4 also Indicated the extent
to wiiich pictures facilitated the speed with which subjects decoded the proce
dural instructions. UWhenever text was added to pictures, it served to distract
subjects from the pictures, and this resulted in an increase in the mean total

time required to complete the task.

Table 4. Mean Total Time (in seconds) and Standard Deviation for
Each Media Format

Treatment Condition

Segmented Composite Text
Pictures Picture Alone
M 838 M 817 M 1050
Text T+SP T+CP TA
s.D. 239 S.D. 360 S.D. 288
M 657 M 721
No Text SPA CPA
s.D 337 S§.D. 428

Effect of Media Format on User Accuracy

Reading comprehension has been represented earlier in this paper as a
measure of accuracy of assembly for completion of the performance task in this
experiment. The two-way AIlOVA on user errors showed that there was a siznificant

main effect of media format on error rate, F(4,61)) = 10,954, p< .001, This

indicated that the type of design format presented to the user pgroups differ-

entially affected their comprehension of the directions. A subsequent one-way

L ol o Sisia dom
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analysis to elucidate the differences between treatment conditions wns per-
formed, which indicated a sipnificant difference between proups, F(4.85) =
7.987, p< .001, Multiple comparisons of the mean numbher of errors indicated
that subjects in the text-alone condition made significantly more errors com-
pared with all other treatment proups (T+SP, T+CP, SPA, and CPA).

The analysis also revealed that the subject's accuracy on this task
improved when graphics were present. This result was consistent for all
rraphic conditions repardless of the presence or absence of text, Table 5
below shows the mean error scores from this analysis along with the rean total
times subjects took to complete the assembly task for each treatment condition.
From this table it can be seen that text alone (TA) was clearly the least

efficient and most error prone condition,

Table 5. Mean Error Score (on a scale of 1-5) and Mean Total Time
for Each Media Format

Media Format

Variable TA T+SP T+CP SPA CPA
Time (in seconds)

M 1050 838 817 675 721
Error

M 1.81 .32 17 .65 Al

Data in Table 5 do not reveal the percentage of subjects in the five
treatment conditions who made no errors or corrected their errors by the end
of the assembly of the model. Such information, however, is perhaps of even
sreater stratepic value to the overall investigation of how media design
affects user comprehension, Certain assembly tasks (as is the case in some
Naval projects) need to be presented in media formats where the error ranre

{s kept as low as possible,

0, 3 2 i o et e e e i cimatn N 3 Ly
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Information concerning the percentage of subjects in each condition who
rade no errors by the end of the assembly task is prusented in Tahle 6 helow,
These results indicated that the composite picture conditions (T+(P, CPA) pro-
vided the optimal format(s) for accurately conveying the technical instructions

for the assembly of the model.

Table 6. Percentage of Subjects Following the Specified Sequence of
Assembly for the Performance Task (No Errors)

Segmented Composite Text

Pictures Picture Alone
Text T+SP 25 T+CP 62 TA 0
No Text SPA 47 CPA 66 N/A

Effect of Text on Error Correction

The data presented in Table 7 below indicate that the addition of text to
graphlcs resulted in a hipher percentape of subjects who corrected their errors
by the end of the assembly task., Three times as manv subjects corrected their
errors in the text-plus-sepmented-pictures condition compared with the sesmented-
pictures-alone condition. About twice as many corrected their errors in the
composite- picture-plus-text condition compared with the compusite-picture-elone

conditiorn,

Table 7. Percentage of Subjects in Each Condition Who Corrected
Their Errors by the End of the Performance Task

Segmented Composite Text

Pictures Picture Alone
Text T+SP 38 T+CP 13 TA 0
No Text SPA 12 CPA 6

-
- e e ..
ittt it b i . —
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Text apparently acts as a troubleshooting aid to graphics in that it pro-
vided a madium for identifying and correcting errors for this task; while
graphics, on the other hand, tended to present error-free information in that
more subjects made no errors when presented with graphics alome for instructions.
This result held trus regardless of the type of graphic used.
Figure 3 shows a summary of the data presented in Tables 6 and 7. Also
indicated in Figure 3 is the percentage of subjects who made errors but did not
correct their errors by the end of the performance task.

Conclusions and Implications
for Future Research

This experiment examinad the possible interactions between Educational
Cognitive Style (ECS) and madia format design on understanding procedural
directions. Five ECS types were identified and selected for the study. Five
different media formats for presenting performance task directions were designed
to match the ECS preferences of the subjects noted above,.

It was hypothesized that the subjects' performance on the task would vary
to the extent that theay wers presented with media formats which matched their
ECS preference. Findings of the ressarch, hovever, were negative: and the
hypothesis was not upheld. While some trends in the direction of the hypothesea
vere noted, no statistically significant interactions between ECS type and media
formst were found. However, obtained significant differences among media for-
mats and ECS types were found, and discussion regarding the implications of

these findings for designing technical instructions is appropriate.

Craphics or Text

Graphics were found to hava s strong facilitative effect on task efficiency

and a small, though significant, effect on task performance. These results tend

1
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to favor graphic formats when the directions to be followed are of a procedural
nature. This finding does not agres with other researchers who have found that
pictures have a debilitating effect on reading comprehension (see Dwyer, 1970;
Vernon, 1953; and Samuels, 1970). Unlike Samuels' findings, for example, text
alone was clearly the least efficient and most error-prons format for presenting
the directions for this performance task. These findings suggest that some
form of information which enabled subjects to complete more quickly and accu-
rately the assembly of the model was available in the graphics and not in the
text. The highest percentage of subjects, for example, were able to complete
the assembly of the model with no errors when the information was presented to
them in the form of a composite-graphic format. The addition of the text to
the composite graphic only slightly reduced the degree of accuracy for subjects;
whareas, when text was added to segmented graphics, subjects increased their
errors by almost 50 percent.

What information was in the composite graphic that facilitated the reader's
understanding of the directions? Since the composite graphic did not confine
the subjects to encoding information in any particular sequence, it may be that
subjects who made the smallest number of errors on the task were those whose
cognitive style revealed that they processed information by synthesizing and
relating the symbolic information found in the medium. They were, it appears,
cognitively matched to the design format of the composite graphic display.

One way to explain this is through the concept of supplantation, Salomon
and Snow (1970) defined supplantation as a function which occurs when the media
presentation replaces the covert operation which the learner would have to
activate on his or her own. Did the composite graphic supplant the operations
necessary for effective mediation of the directions? Two observations may

help to shed light on this question. First, the ECS type who tended to do
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best on this task was one who processed information by associating and relating
it. The composite graphic, by virtue of its exploded design format, in effect,
mirrors the mental operations used by the superior cognitive style type. Second,
other ECS types made fewer errors when presented with the composite-graphic
format. Perhaps the depiction of the entire model enabled other cognitive style
types to supplant the mental operations which occurred spontaneously for the
superior group. The relationship between parts of the model and stages of the
task was clearly mors readily available to all subjects in the composite-graphic
conditions. {
The finding that graphics alone resulted in more accurate performance than
graphics and text ran contrary to Denburg's (1977) finding that the more infor-
mation provided to readers, the more likely they will find and integrate infor-
mation for a correct response. If this were true, subjects would have had their
best performance when text and graphic(s) were presented together:; but as seen
earlier, accuracy on task was highest when graphics were presented independemt
of text. One exception to this was noted: although the addition of text to
graphics resulted in more errors, it also resulted in more subjects correcting
their errors by the end of the assembly of the model, Taxt enabled subjects
to troubleshoot their errors when it was used as an adjunct to graphics. What
information enabled people to locate and correct errors vhen graphics and text
were presented together? Perhaps this question, as with the case of the com-
posite graphic result, may be better answered in future research where more

precise monitoring of subjects' eye movements during reading is available.

Critics of pictures as reading aids have generally assumed that vhenever
a picture is present, individuals will bypass the text and concentrate on the
picture, Examination of the amount of tims subjects spent looking at the text

and at the graphic(s) in the conditions where the two were presented together
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indicated that this was not the case: subjects, on the average, spent more time
looking at the text than the graphic(s). The finding that subjects also made
more errors vhen text was presented with graphics makes the above assumption

more suspect.

User Characteristics and Madia Desipgn

One important observation which arises as a result of these findings is that
general principles of design for procedural texts may need to include a model
of the processing strategies requiraed for effective underastanding of the direc-
tions. As indicated earlier, subjects who preferred to process information by
maans of a text and composite graphic tended to make fewer errors than the
other ECS types used in this research. This result may have implications for
producers of technical materials. Certain ECS types, it seems, are more cogni-
tively compatible with the operations necessary for efficient and accurate
processing of procedural directionms.

Can reading behaviors be isolated and taught to individusls who may rely
on processing strengths less conducive to reading procedural materials? The
success of an attempt to develop modes of cognition in the individual will
depend, to a large extent, on the degres to which cognitive styles are malleable.
The possibility entertained here is that through manipulation of educational
experience, wa might convert ECS processing alaments into cognitive strategies
or what may be termed "coping strategies." If possible, this would enable
the individual to have a conscious choice among alternative modes of processing
procedural information. Hill's dimension of cognitive style makes this idea
possible, for unlike many other theories of cognitive style, his concept of

ECS includes a systematic plan for changing the style preferences of the

individual.
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Other researchers have presented similar themes. Salowon (1972), for
sxample, found that specific modes of commmication which characterize
different media may affect the minds of those who are exposed to them. He
concluded that some "isomorphism between the external system and an internal,
representational one is implied" (Salomon, 1972).

Provided that such a system of teaching cognitive coping strategies for
reading instructional materials could be devised, how would it be operational-
ized? One reliable technique which may be employed to develop more optimal

processing of procedural materials is found in that body of research described

as "mathemagenic" behavior. This term was originally coined by Ernst Rothkopf
(1970) to signify the learner activities which lead to successful performance.
Perhaps mathemagenics could be used to design advanced textual organizers to

be encoded intoc the directions and presented to the reader as part of the pro-
cedural instructions. In this way, the mathemagenic strategy, together with
the posing of particular coping strategies, may combine to produce an influence
on understanding the directions that may not have occurred had either technique
been used separately.

When it is known that the procedural directions are to ba used by a
certain training group that may have difficulty reading and understanding
technical materials, the above strategies could be used to help alleviate the
problem., For example, Naval instructional packages used for training purposes
could be analyzed to determine if they are compatible with the information- !
processing behaviors of cognitive style types who are most adept at reading
and understanding the technical raterials. If the materials are not found to
be compatible with the processing strengths of the superior cognitive style

type, then one of two strategies could be employed. Either the materials could

be redesigned around the mathemagenics principles noted earlier, or the group i
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itself could be trained to employ a more accurate and efficient approach to
using the directions.

Although the diagnostic procedure here is usually illustrated in terms
of matching the cognitive style of two individuals (i.e., learner and teacher)
it can be used equally effectively to match the style of a training group
with a mode of wnderstanding required by a given set of technical instructioms.
The assumption made here is that a more effective processing of the directions
will take place if the requirements made of the user tend to make greater
demands upon his or her stremgths for processing technical information and
ninimize the demands upon his or her weaknesses. In this way the directions
take on more psychological msaningfulness for the user and reduce much of the
cognitive dissonance betwaen the user and the task itself. This results in
a form of job enrichment where one of the primary motivators for the training
group is the user-oriented directions or what might be referred to as "direc-
tions for directions" (Hackman and Oldham, 1976; Ausburn and Ausburn, 1978).

Since users cannot always count on designers to offer up information in
a variety of media formats, they should be equipped to transform the informa-
tion to a form that renders it maximally effective. The development of
cognitive coping strategies based on the habits of people who tend to be
compatible with processing procedural texts appears worthy of atteantion to
those in the business of designing instructional materials.

Media Design and
Production Costs

It is true that illustrated instructional texts cost more to produce than
nonillustrated ones. However, the findings of this study iandicate that the
axtra cost may be worthwhile. If the directions are to convey efficient and

error-free information, then they wmust be designed so they are based on
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educational criteria in addition to production considerations. Failure to
convey accurate information may prove more costly in the end as was demon-
strated in the GAO findings regarding the DOD's paper-based technical data
system,

However, the question still remains, what constitutes an optimal medis
format? The results from this experiwment indicate there are three possibilities:

1. User efficiency (indicated by time on task) tended to be greatest
vhen the information was presented in segmented graphics alone.

2. User comprehension (indicated by accuracy on task) was highest when
the information was presented in a composite graphic alone.

3. User correction of errors was greatest wvhen the directions were pre-
sented in text accompanied by a composite graphic. 1

A fourth possibility is to combine the first three formats into what can
bs described as an optimal design order. That is, when efficiency, accuracy,
and the ability to troubleshoot one's mistakes are needed, then the optimal
media format may be a graphics-text amalgam. For a procedural task, this
would consist of a composite graphic on the task, followed by segmented
graphics, followed by a composite graphic accompanied by a text.

The small computer market is one area where printed instructional materi-

als are becoming increasingly important. As competition in the small computer

and word processing markets increases and training costs soar, more and more
organizations, military and civilian aliks, are substituting packaged instruc-
tional materials for classroom training. Efforts to design these materials

for inexperienced/novice workers so that they can be easily understood have

not been very successful. This problem is compounded further by the fact that

these same employees are often threatened by the change in their job requirements

and the high expectations for quick productivity by their managers.
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The techniques for analyzing instructional materials and training groups des-
cribed in this paper are one way in which computer manufacturers can more
systematically develop training programs and materials which are geared to
the user but still cost-effective.

The importance of art work, then, in procedural texts tends to make
graphics essential to the design of effective imstructional materials, How-
ever, graphics based on established principles of information-processing
behaviors will prove more beneficial to the user than one which focuses on
production criteria alome.

Although the results and generalizations presented in thig study are
considersd tentative, they are in general agreement--there seems to be a
consistent finding that points logically to one kind of media design for all
users of procedural texts--a composite graphic when the subject matter is of
a procedural nature, Educational Cognitive Style was not found to interact
with wedia design, but one ECS type tended to be superior on this task--those
whose ECS indicated a preference for the composite graphic. However, only
through additional research using more precise monitoring of reader's eye
movements will we be able to tell more exactly what type of information the
composite graphic conveyed to cause these results.

No claim of finality is made here for the conclusions that have been
drawvn, only that they present a reasonable and empirically based set of
information for the design of procedural saterials., However, it must be
pointed out that the performance measure used in this experiment was a rela-
tively simple ona., Additional research needs to be done to see if these
findings can be replicated using a second and more complicated task. Further

studies using other quantifiable indices of structuring reading behaviors and

of cognitive style models are currently being investigated in our laboratory.
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Summative Statemant

The experiment described in this paper and the methodology employed to
examine graphic-text combinations for their communication value indicate
that design style for technical materials nsed no longer be based on arbitrary
and unaccessible conventions--empirical guidelines, although still incomplets,
are evolving, Information describing the kind of language people can best
understand while reading directions is now available.

Although the experimental procedure used in this investigation cannot
gsolve all of the problems organizations may be experiencing with the use of
technical information, it may halp to increase performance by military and

industrial personnel, especially where time and errors are important to the

outcome of training and maintenance procedures, Further, knowledge about the
information-processing demands of training tasks and job skills, along with

a better understanding of medis design formats, can be used to determine what
types of technical manuals and job training aids are essential for high job 7

performance,
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APPENDIX A

TEXT DIRECTIONS FOR THE EXPERIMENT

To form handle one: Insert a short rod through a clip so that the
clip 1s near the end of the rod.

To form handle two: Insert another short rod through another clip
so that the clip 1s near the end of the rod.

To form column one: Assemble one small block and three large blocks
end to end.

To form column two: Assemble another small block and three other
larger blocks end to end. (Each column should begin with a small
block connected to three larger blocks.)

Attach an angle block to the end groove of the large block for
column one. (The angle block has two tabs; one tab is inserted
into the end groove of the large block; the other tab on the angle
block should be facing you.)

Repeat the same procedure for column two.

To form a wheel assembly: 1Insert the long rod through the open
groove in the two angle blocks. The two long columns should now
be parallel to each other and approximately the width of two
large block:s apart.

Next, place a washer over one end of the long rod¢ so that it {is
flush with the angle block. Place a screw hub over the same end
of the long rod so that 1its threads point away from the angle
block. Next, place a tire over the same end of the rod. Next,
place a nut hub over the same end of the long rod with its threads
toward the screw hub.

Screw the nut hub and screw hub together with the tire between thenm.
Finally, place a washer over the same end of the long rod so that
it {s flush with the nut hub.

Repeat this procedure to form the other wheel assembly on the other
end of the long rod. (When the wheel assembly 1is complete, the
long rod should only extend approximately 1/4 inch beyond the outside
washer.)

. . ) . - - - - ..
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To form the base: TInsert a flat piece into a side groove of a large
block. Take another large block and attach it to the other end of
the flat plece. (Make sure that the ends of the flat plece are
flush with the ends of the large blocks. The tabs on the ends of
the large blocks should point in the same direction.)

Next, connect two large blocks end to end to form a short column.

Attach the two large blocks containing the flat piece to the small
column by inserting the tabs on the ends of the large blocks into
a side groove of the short column.

To attach the base to the axle assembly: Notice that the base has
two large blocks which are connected co a small column. Connect
the open groove at the end of each of these large blocks to the
exposed tabs of the axle assembly. Be sure that the flat plece in
the base has its smooth side up.

To form the back: Insert four flat pileces between the two long
columns. Slide each flat piece into place using the side grooves
in the blocks. (All the flat pieces should have their smooth
sides on the same side.) The flat pieces should be pushed down
the grooves of the columns until the first flat plece is flush
with the base.

Next, the handles should be inserted in the end of the back with
exposed tabs. Each handle should be inserted in the grooves at
the front of the back so that the clips are resting againet the
ends of the blocks. The openings on one side of each clip should
fit over the tabs at the ends of the columns. This completes the
assembly of the loading cart.
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APPENDIX B

SLIDES OF SEGMENTED PICTURES
(Not Shown in accurate scale)
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APPENDIX C

-

SLIDE OF COMPOSITE PICTURE
(Not shown in accurate scale)




40

Cognitive Stvle/Technical Communications

SHOL03aroud
3011S
ALYWTHYD

S3A3 S103r8ns
1v Q3193410
VMIWNVD AL

NOLLLLYYY

AMOIVYOEVT HOYVISIY FHL 40 LNOAV1

a XIQN3ddV

HOLVH3IN3ZO
S$103443
IVIOILS

TR v

A o




41
Cognitive Style/Technical Communications

BIBLIOGRAPHY

Ausburn, L., and Floyd Ausburn. Cognitive Styles: Some Information and
Implications for Instructional Design, Educational Commmmication and
Technology, 1978, 26, 4, 337-354.

Banta, T. J. Tests for the Evaluation of Early Childhood Educatiom:
The Cincinnati Autonomy Test Battery (CATB), In J. Hellmuth (ed.).
Cognitive Studies, I, New York, Brunner/Mazel, 1970.

Chall, J, S. Readability: An Appraisal of Research and Applicatiomn,
The Bureau of Educational Research, Ohioc State University, Columbus,
Ohio, 1958.

Cohn, M, L., Field-Dependence-Independence and Reading Comprehension.
Unpublished doctoral dissertation, New York University, 1968,

Crandell, T. L. The Effects of Educational Cognitive Style and Media
Format on Reading Procedural Instructions in Picture-Text Amalgams.
Unpublished doctoral dissertation, Cornell University, 1979,

Crandell, T. L. How Cognitive Style and Media Formeat Affect Reading
Procedural Instructions, Paper presented to the Military Division
of the American Psychological Association, Montreal, Sept,, 1980,

Denburg, S. D. The Interaction of Picture and Print in Reading Instruction.
Reading Research Quarterly, 1977, 2, 176-189,.

Dwyer, Francis M, Jr., Exploratory Studies in the Effectiveness of Visual
Illustrations., Audiovisual Communication Review, 1970, 18, 235-249,

Farr, J. and T. Waller. Mathemagenic Behaviors and Efficiency in Lsarning
from Prose Materials: Review, Critique, and Recommendations. Review
of Educational Research, 1976, 46, 691-720,

Fine, Bernard and J., Kobrick. Field-Dependence and the Discrimination of
Colors: Military Implications and Applications. Paper preseanted
to the American Psychological Association Convention, 1980,

Frase, L. T. On Learning from Prose. Educational Psychologist, 1973,
10, 1.

Gardner, R, W,, P, S, Holzman, G, S, Klein, H. B. Linton, and D. Spencs.
Cognitive Control: A Study of Individusl Consistencies in Cognitive
Behavior. Psychological Isgues, 1959, 1, 4.

Gardner, R. and D, N, Jackson. Personslity Organization in Cognitive
Controls and Intellectual Abilities. Psychological lssues, 1960,
2, 8.

Hackman, J. R, and G. R. Oldham. Motivation Through the Design of Work.
Organizational Bshavior and Human Performance, 1976, 16, 250-279,




42

Cognitive Style/Technical Communications

Hartley, James, Some Observations on Producing and Measuring Readable
Writing. PLET, 1980, 17, 3.

Hartley, J. and P, Burnhill. Fifty Guidelinss for Improving Instructional
Text. Programmed Learning and Educational Technology, 1977, 14,
65-75.

Heun, Richard E,, Linda R. Heun and Robert V. Schnucker. Edumetric
Validation of Cognitive Style Map Items and Elemsnts: 1, Resourcee
in Education, 1976,

Hill, Joseph E. Symbols and Their Meanings. Bloomfield Hills, Michigan,
Oakland Community Collage Press, 1970,

Hill, Joseph E. Memory as a Function of Educational Cognitive Style.
Bloomfield Hills, Michigan, Oskland Community College Press, 1976,

Improved Management of Maintenance Manuals Neaded in DOD. Report by the
U. S. General Accounting Office, LCD-79-105, 1979.

King, I. B. An Experimsntal Investigation of the Potential of Reflection-
Impulsivity as a Determinant of Success in Early Reading Achievement.
Unpublished doctoral dissertstion, Boston College, 1972,

Klare, G. R. Assessing Readability. Reading Research Quarterly, 1972,
10, 62-102.

MacDonald-Ross, M. and R. Waller. Open University Texts: Criticism and
Alternatives. Institute of Educatiomal Techmology, Open University,
Milton Keynes, 1975,

Mager, R, F. On the Sequencing of Instructional Content. Psychological
Reports, 1961, 9, 405-413,

McKenney, J. L. and G. W. Ksen. How Managers' Minds Work. Harvard Business
Review, 1974, 53, 3, 79-90.

Messick, Samuel and associates. Iudividuality in Learning. San Francisco,
. Josey-Bass, 1976, 4-23,

Nunney, Derek N. and Joseph E, Hill. Personalized Educational Programs.
1 Audio Visual Instructiom, 1972, 17, 2, 10-15,

Rothkopf, Ernet Z. The Concept of Mathemagenic Activities, Review of
Educational Research, 1970, 40, 325-336,

Rothkopf, Ernst Z. Writing to Teach and Reading to Learn: A Perspective
on the Psychology of Writtem Instruction. The National Society for
the Study of Education, 1976, 4, 91-129.

Salomon, G. Can We Affect Cognitive Skills through Visual Media? An
Hypothesis and Initial Findings. Audiovisual Communication Review,
1972, 20, 4, 404-413.




et . e S e

43
Cognitive Style/Technical Communications

Samuels, S, Jay. Effects of Pictures on Learning to Read, Comprehension,
and Attitudes. Review of Educational Research, 1970, 40, 3, 397-407,

Simon, Herbert A. and Rosenberg. Modeling Semantic Memory: Effects of
Presenting Semantic Information in Different Modalities. Academic
Press, 1977, 293-325.

Stone, David E, Comprehension of Informstion in Picture-Text Amslgams
in Procedural Texts. Unpublished doctoral dissertation, Cornell
University, 1977.

Stone, David E. The Semantic Content of Text, Pictures, and Eveants.
Research Report No. 1, Cornell University, 1978,

Stone, David E, Acquiring Knowledge from Varbal and Non-verbal Sources.
] Paper presented at the National Reading Conference, San Antonio,
Texas, 1979,

Stone, David E. and Thomas L. Crandell. Integration of Illustrations snd
Text in Reading, In Barbara A. Hutson (ed.) Advances im Reading/
Language Research, Jai Press, Inc. (in press), 1981,

Stone, David E, and Marvin Glock, M. D. How Do Young Adults Read Direc-
tions with and without Pictures? Jourmal of Educational Psychology,
1981, 73, 3, 419-426,

Vernon, M. D. The Value of Pictorial Illustration. British Jourual of
Educational Psychology, 1953, 23, 180-187.

Wallach, M, and A, Kogan. Modes of Thinking in Young Children. New York,
Holt, Rinehart, and Winaton, 1965.

Waller, Robert H. Typographic Access Structures for Educational Texts.
Paper presented to the Visible Language Conference, The Netherlands,
1977, 1-21.

Watson, B. L. Field-Dependence and Early Reading Achievement. Unpublished
doctoral dissertation, University of Californis at Los Angeles, 1969.

Witkin, H, A. Field-Dependent and Field-Independent Cognitive Styles and
Their Education Implications. Research Bulletin RB 75-24, Educational
Testing Service, Princeton, New Jersey, June, 1975, 1-41,

Wright, Patricia. Presenting Technical Information: A Survey of Research
Findings. Instructional Sciemce, 1977, 6, 93-134,




r

CORNELL/LLOCK September 4, 1y81

Navy

1 Dr. Ed Aiken
Navy Personnel R&D Center
San Diego, CA 92152

1 Meryl S. Baker
NPRDC
Code P309
San Diego, CA 92152

1 CDR Mike Curran
Office of Naval Research
800 N. Quincy St.
Code 270
Arlington, VA 22217

1 DR. PAT FEDERICO
NAVY PERSONNEL RAD CENTER
SAN DIEGO, CA 92152

1 pr. John Ford
Navy Personnel R&D Center
San Diego, CA 92152

1 I.T Steven D. Harris, MSC, USN
Code 6021
Naval Air Development Center
Warminster, Pennsylvania 18974

1 Dr. Jim Hollan
Code 304
Navy Personnel R & D Center
San Diego, CA 92152

1 pr. Norman J. Kerr
Chief of Naval Technical Training
Naval Air Station Memphis (75)
Millington, TN 38054

1 Dr. William L. Maloy
Principal Civilian Advisor for
Fducation and Training
Naval Training Command, Code 00A
Pensacola, FL 32508

1 CAPT Richard L. Martin, USN
Prospective Commanding Officer
USS Carl Vinson (CVN-TQ)
Newport News Shipbuilding and Drydock Co
Newport News, VA 23607

T

rage

Navy

Dr, James McBride
Navy Personnel R&D Center
San Diego, CA 92152

Dr William Montague
Navy Personnel R&D Center
San Diego, CA 92152

Ted M. 1. Yellen

Technical Information Office, Code 201
NAVY PERSONNEL R&D CENTER

SAN DIEGO, CA 92152

Library, Code P201L
Navy Personnel R&D Center
San Diego, CA 92152

Technical Director
Navy Personnel R&D Center
San Dieg2>, CA 92152

Commanding Officer

Naval Research Laboratory
Code 2627

Washington, DC 20390

Psychologist

ONR Branch Office
Bldg 114, Section D
666 Summer Street
Boston, MA 02210

Psychologist

ONR Branch Office
536 S. Clark Street
Chicago, IL 60605

Office of Naval Research
Code 437

800 N, Quincy SStreet
Arlington, VA 22217

Personnel & Training Research Programs
(Code U458)

Office of Naval Research

Arlington, VA 22217




CORNELL/GLOCK September 4, 1981 Page 2
Navy Navy
1 Psychologist 1 Dr, Robert Wisher
ONR Branch Office Code 309
1030 East (Creen Street Navy Personnel R&D Center
Pasadena, CA 9110) San Diego, CA 92152
1 Special Asst. for Education and 1 Mr John H. Wolfe
Training (OP-01E) Code P310
Rm, 2705 Arlington Annex U. S. Navy Personnel Research and
washington, DC 20370 Development Center

San Diego, CA 92152
1 Office of the Chief of Naval Operations
Research Development & Studies Branch
(Op-115)
Washington, DC 20350

: Roger W, Remington, Ph.D
lnde 1.52
NAMRIL.
Pensacola, Fi. 32508

1 Dr . Bernard Rimland (03B)
Navy Personnel R&D Center
“an Diego, CA 92152

! r. Worth Scanland, Director
Research, Development, Test & Evaluation
N5
Naval Education and Training Command
NA.., Pensacola, FI. 32508

! ['r. Robert G. Smith
Office of Chief of Naval Operations
OP-987H
Washington, DC 20380

1 Or. Alfred F. Smode
Training Analysis & Evaluation Group
(TAEG)
Dept. of the Navy
"rlando, Fl. 32813

1 Dr. Richard Sorensen
Navy Personnel RA&D Center
San Disgo, CA 92152

! Roger Wei1ssinger-Baylon
Mepartment of Administrative Sclences
Naval Postgraduate School
Nhn?aro-y . CA 91940




CORNELL/GLOCK September &, 1981 Page 3
Army Army
1 Technicai Director 1 Dr. Joseph Ward
U. S. Army Research Institute for the U.S. Army Research Institute
Behavioral and Social Sciences 5001 Eisenhower Avenue
5001 Eisenhower Avenue Alexandria, VA 22333

Alexandria, VA 22333

1 Dr. Beatrice J. Farr
U. S. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

1 Dr. Dexter Fletcher
U.S. Army Research Institute
5001 Eisenhower Avenue
Alexandria,VA 22333

1 PR. FRANK J. HARRIS
U.S. ARMY RESEARCH INSTITUTE
6001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

) Col Frank Hart
Army Research Institute for the
Behavioral & Social Sciences
5001 Eisenhower Blvd.
Alexandria, VA 22333

1 Dr. Michael Kaplan
U.S. ARMY RESEARCH INSTITUTE
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

1 or. Milton S. Katz
Training Technical Area
U.S. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

1 Dr. Harold F. O'Neil, Jr.
Attn: PERI-OK
Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

1 pr . Robert Sasmor
(1. &. Army Research Institute for the
Behavioral and Social Sciences
r0n1 Ei{senhower Avenue
Alexandria, VA 22333




CORNELL/GLOCK September 4, 1981

Air Force

U.S. Air Force Office of Scientific

Research
Life Sciences Directorate, NL
Bolling Air Force Base
Washington, DC 20332

Dr. Genevieve Haddad
Program Manager

Life Sciences Directorate
AFOSR

Bolling AFB, DC 20332

3700 TCHTW/TTGH Stop 32
Sheppard AFB, TX 76311

Page U

Marines

H. William Greenup
Education Advisor (E031)
Education Center, MCDEC
Quantico, VA 22134

Special Assistant for Marine
Corps Matters

Code 100M

Office of Naval Research

800 N, Quincy St.

Arlington, VA 22217

DR. A.L. SUAFKOSKY

SCIENTIFIC ADVISOR (CODE RD-1)
HQ, U.S. MARINE CORPS
WASHINGTON, DC 20380




LURNELL/GLULK September 4, 1981

CoastGuard

1 Chief, Psychological Reserch Branch
U. S. Coast Guard (G-P-1/2/TP42)
Washington, DC 20593

12

Page 5

Other DoD

Defense Technical Information Center
Cameron Station, Bldg 5

Alexandria, VA 22314

Attn: TC

Military Assistant for Training and
Personnel Technology

Office of the Under Secretary of Defense
for Research & Engineering

Room 3D129, The Pentagon

Washington, DC 20301

DARPA
1400 Wilson Blvd.
Arlington, VA 22209




Civil Govt

Dr ., Susan Chipman

Learning and Development
Nationrnal Institute of Education
1200 19th Street NW
Washington, DC 20208

William J. Mclaurin
66610 Howie Court
Camp Springs, MD 20031

Dr. Arthur Melmed

National Intitute of Education
1200 19th Street NW
Washington, DC 20208

Dr. Andrew R. Molnar
Science Education Dev.

and Research
National Science Foundation
Washington, DC 20550

Dr. Frank Withrow

U, 8. Office of Education
400 Maryland Ave. SW
Washington, DC 20202

Dr. Joseph L. Young, Director
Memory & Cognitive Processes
National Science Foundation
Washington, DC 20650

[~ - - A .
e . o, b alasd ofantin alain s,

—_—

CORNELL/GLOCK September 4, 1981

Page 6

Non Govt

Dr. John R. Anderson
Department of Psychology
Carnegie Mellon University
Pittsburgh, PA 15213

Anderson, Thomas H., Ph.D,
Center for the Study of Reading
174 Children's Research Center
51 Gerty Drive

Champiagn, IL 61820

Dr. John Annett
Department of Psychology
University of Warwick
Coventry CV4 7AL

ENGLAND

DR. MICHAEL ATWOOD

SCIENCE APPLICATIONS INSTITUTE
40 DENVER TECH. CENTER WEST
7935 E. PRENTICE AVENUE
ENGLEWOOD, CO 80110

1 psychological research unit
Dept. of Defense (Army Office)
Campbell Park Offices

Canberra ACT 2600, Australia

Dr . Alan Baddeley

Medical Research Council
Applied Psychology Unit

15 Chaucer Road

Cambridge CB2 2tEF

ENGLAND

Dr. Patricia Baggett
Department of Psychology
University of Colorado
Boulder, CO 80209

Mr Avron Barr

Department of Computer Science
Stanford University

Stanford, CA 94305

t.Lialson Scientists

Office of Naval Research,
Branch 0Office , l.ondon

Box 39 FPO New York 09510




VCURNELL/GLOCK September 4, 1981

Non Govt

1 Dr. Lyle Bourne
Department of Psychology
University of Colorado
Boulder, CO 80309

1 Dr. John S. Brown
XEROX Palo Alto Research Center
3333 Coyote Road
Palo Alto, CA 94304

1 Dr . Bruce Buchanan
Department of Computer Science
Stanford University
Stanford, CA 94305

1 DR. C. VICTOR BUNDERSON
WICAT INC.
UNIVERSITY PLAZA, SUITE 10
1160 SO. STATE ST.
OREM, UT Bu057

1 Dr. Pat Carpenter
Department of Psychology
Carnegie-Mellon University
Pittsburgh, PA 15213

1 Dr. John B. Carroll
Psychometric Lab
Univ. of No. Carolina
Davie Hall 013A
Chapel Hill, NC 27514

1 Charles Myers Library
Livingstone House
LLivingstone Road
Stratford
London E15 2LJ
ENGLAND

1 Dr. William Chase
Department of Psychology
Carnegie Mellon University
Pittsburgh, PA 15213

1 Dr. Micheline Chi
l.earning R & D Center
University of Pittsburgh
3939 O'Hara Street
Pittsburgh, PA 15213

Page 7

Non Govt

Dr. William Clancey

Department of Computer Science
Stanford University

Stanford, CA 94305

Dr. Allan M. Collins

Bolt Beranek & Newman, Inc.
50 Moulton Street
Cambridge, Ma 02138

Dr. Lynn A. Cooper

LRDC

University of Pittsburgh
3939 O'Hara Street
Pittsburgh, PA 15213

Dr., Meredith P, Crawford

American Psychological Association
1200 17th Street, N.W.

Washington, DC 20036

LCOL J. C. Eggenberger

DIRECTORATE OF PERSONNEL APPLIED RESEARC

NATIONAL DEFENCE HQ
101 COLONEL BY DRIVE
OTTAWA, CANADA K1A OK2

Dr. Ed Feigenbaum

Department of Computer Science
Stanford University

Stanford, CA 94305

Dr. Richard L. Ferguson

The American College Testing Program
P.O. Box 168

Jowa City, IA 52240

Mr. Wallace Feurzeig

Bolt Beranek & Newman, Inc.
50 Moulton St.

Cambridge, MA 02138

Dr. Victor Fields
Dept. of Psychology
Montgomery College
Rockville, MD 20850




CORNELL/GLOCK September 4, 1981

Non Govt

1 Dr. John R. Frederiksen
Bolt Beranek & Newman
50 Moulton Street
Cambridge, MA 02138

1 Dr. Alinda Friedman
Department of Psychology
University of Alberta
Edmonton, Alberta
CANADA T6G 2E9

1 Dr. R. Edward Geiselman
Department of Psychology
University of California
Los Angeles, CA 90024

1 DR. ROBERT GLASER
LRDC
UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET
PITTSBURGH, PA 15213

1 DR. JAMES G. GREENQ
LRDC
UNIVERSITY OF PITTSBURGH
3939 O'HARA STREET
PITTSBURGH, PA 15213

] Dr. Frederick Hayes-Roth
The Rand Corporation
1700 Main Street
Santa Monica, CA 90u06

1 Dr. James R. Hoffman
Department of Psychology
University of Delaware
Newark, DE 19711

1 Glenda Greenwald, Ed.
"Human Intelligence Newsletter"
P. 0. Box 1163
Birmingham, MI 48012

1 Dr. Earl Hunt
Dept. of Psychology
University of Washington
Seattle, WA 98105

Page 8

Non GCovt

Dr. Ed Hutchins
Navy Personnel R&D Center
San Diego, CA 92152

Dr. Walter Kintsch
Department of Psychology
University of Colorado
Boulder, CO 80302

Dr., David Kieras
Department of Psychology
University of Arizona
Tuscon, AZ 85721

Dr. Kenneth A. Klivington
Program Officer

Alfred P. Sloan Foundation
630 Fifth Avenue

New York, NY 10111

Dr. Stephen Kosslyn
Harvard University
Department of Psychology
33 Kirkland Street
Cambridge, MA 02138

Dr, Marcy Lansman

Department of Psychology, NI 25
University of Washington
Seattle, WA 98195

Dr. Jill Larkin

Department of Psychology
Carnegie Mellon University
Pittsburgh, PA 15213

Dr. Alan Lesgold
Learning R&D Center
University of Pittsburgh
Pittsburgh, PA 15260

Dr, Robert Linn
College of Education
University of Illinois
Urbana, IL 61801




!
i
I
1

CORNELL/GLOCK

September 4, 1981

Non Govt

Dr. Erik McWilliams

Science Education Dev. and Research
National Science Foundation
Washington, DC 20650

Dr. Mark Miller

TI Computer Sclience Lab

C/0 2824 Winterplace Circle
Plano, TX 75075

Dr. Allen Munro

Behavioral Technology Laboratories
1845 Elena Ave., Fourth Floor
Redondo Beach, CA 90277

Dr. Donald A Norman

Dept . of Psychology C-009
Univ. of California, San Diego
La Jolla, CA 92093

Dr. Jesse Orlansky

Institute for Defense Analyses
400 Army Navy Drive

Arlington, VA 22202

Dr. Seymour A. Papert

Massachusetts Institute of Technology
Artificial Intelligence Lab

545 Technology Square

Cambridge, MA 02139

Dr. James W. Pellegrino

University of California,
Santa Barbara

Dept. of Psychology

Santa Barabara, CA 93106

MR. LUIGI PETRULLO
2431 N. EDGEWOOD STREET
ARLINGTON, VA 22207

Dr. Richard A. Pollak
Director, Special Projects

Minnesota Educational Computing Consorti

2520 Broadway Drive
St. Paul ,MN 55113

Page 9

Non Govt

Dr . Martha Polson
Department of Psychology
Campus Box 346
University of Colorado
Boulder, CO 80309

DR. PETER POLSON

DEPT. OF PSYCHOLOGY
UNIVERSITY GF COLORADO
BOULDER, CO 80309

Dr. Steven E. Poltrock
Department of Psychology
University of Denver
Denver ,CO 80208

MINRAT M. L. RAUCH
P II Y

BUNDESMINISTERIUM DER VERTEIDIGUNG

POSTFACH 1328
D-53 BONN 1, GERMANY

Dr. Fred Reif

SESAME

c/o0 Physics Department
University of California
Berkely, CA 94720

Mary Riley

LRDC

University of Pittsburgh
3939 O'Hara Street
Pittsburgh, PA 15213

Dr. Andrew M, Rose

American Institutes for Research

1055 Thomas Jefferson St. NW

Washington, DC 20007

Dr. Ernst Z. Rothkopf
Bell Laboratories

600 Mountain Avenue
Murray Hill, NJ 07974

Dr. David Rumelhart

Center for Human Information Processing

Univ. of California, San Diego

La Jolla, CA 92093




V- WD N

CORNELL/GLOCK September 4, 1981

Non Govt

1 Dr. Alan Schoenfeld
Department of Mathematics
Hamilton College
Clinton, NY 13323

1 DR. ROBERT J. SEIDEL
INSTRUCTIONAL TECHNOLOGY GROUP
HUMRRO
300 N. WASHINGTON ST.
ALEXANDRIA, VA 22314

1 Committee on Cognitive Research
% Dr. lonnie R. Sherrod
Social Science Research Council
605 Third Avenue
New York, NY 10016

1 Robert S. Siegler
Associate Professor
Carnegie-Mellon University
Department of Psychology
Schenley Park
Pittsburgh, PA 15213

1 Dr. Edward E. Smith
Bolt Beranek & Newman, Inc.
50 Moulton Street
Cambridge, MA 02138

1 Dr . Robert Smith
Department of Computer Science
Rutgers University
New Brunswick, NJ 08903

1 Dr. Richard Snow
School of Education
Stanford University
Stanford, CA 9u4305

1 Dr. Robert Sternberg
Dept. of Psychology
Yale University
Box 11A, Yale Station
New Haven, CT 06520

1 DR. ALBERT STEVENS
BOLT BERANEK & NEWMAN, INC.
50 MOULTON STREET
CAMBRIDGE, MA 02138

Page 10

Non Govt

Dr. Thomas G. Sticht

Director, Basic Skills Division
HUMRRO

300 N. Washington Street
Alexandria,VA 22314

David E. Stone, Ph.D.
Hazeltine Corporation
7680 01d Springhouse Road
McLean, VA 22102

DR. PATRICK SUPPES

INSTITUTE FOR MATHEMATICAL STUDIES IN
THE SOCIAL SCIENCES

STANFORD UNIVERSITY

STANFORD, CA 94305

Dr. Kikumi Tatsuoka

Computer Based Education Research
Laboratory

252 Engineering Research Laboratory

University of Illinois

Urbana, IL 61801

Dr. John Thomas

IBM Thomas J. Watson Research Center
P.0O. Box 218

Yorktown Heights, NY 10598

Dr. Douglas Towne

Univ, of So. California
Behavioral Technology Labs
1845 S. Elena Ave,

Redondo Beach, CA 90277

Dr. J. Unhlaner
Perceptronics, Inc.

6271 Variel Avenue
Woodland Hills, CA 91364

Dr. Benton J. Underwood
Dept. of Psychology
Northwestern University
Evanston, IL 60201




CORNELLYGLOCK September 4, 1981

Non Govt

Dr. Phyllis Weaver

Graduate School of Education
Harvard University

200 Larsen Hall, Appian Way
Cambridge, MA 02138

Dr. David J. Weiss

N660 Elliott Hall
University of Minnesota
75 E. River Road
Minneapolis, MN 55455

DR. GERSHON WELTMAN
PERCEPTRONICS INC,

6271 VARIEL AVE.

WOODLAND HILLS, CA 91367

Dr. Keith T. Wescourt
Information Sciences Dept.
The Rand Corporation

1700 Main St.

Page 11




